The introduction of Systematized Nomenclature of Medicine -Clinical Terms (SNOMED CT) for diagnosis coding in emergency departments (EDs) in New South Wales (NSW) has implications for injury surveillance abilities. This study aimed to assess the consequences of its introduction, as implemented as part of the ED information system in NSW, for identifying road trauma-related injuries in EDs. It involved a retrospective analysis of road trauma-related injuries identifi ed in linked police, ED and mortality records during March 2007 to December 2009. Of all SNOMED CT codes in the principal provisional diagnosis fi eld, between 53.7% and 78.4% referred to the type of injury or symptom experienced by the individual. Of the road users identifi ed by police, 3.2% of vehicle occupants, 6% of motorcyclists, 10.0% of pedal cyclists and 5.2% of pedestrians were identifi ed using SNOMED CT codes in the principal provisional diagnosis fi eld. The introduction of SNOMED CT may provide fl exible terminologies for clinicians. However, unless carefully implemented in information systems, its fl exibility can lead to mismatches between the intention and actual use of defi ned data fi elds. Choices available in SNOMED CT to indicate symptoms, diagnoses, or injury mechanisms need to be controlled and these three concepts need to be retained in separate data fi elds to ensure a clear distinction between their classifi cations in the ED.
Introduction
In Australia, there is currently no standard information system used in hospital emergency departments (EDs) to record information on patient injuries and their treatment. Instead, a variety of systems are used, along with a number of different diagnosis and external cause classification frameworks, such as the International Statistical Classification of Diseases and Related Health Problems, 9 th Clinical Modification (ICD-9-CM) (National Center for Health Statistics 2011) and the International Classification of Disease, 10 th Revision, Australian Modification (ICD-10-AM) (National Centre for Classification in Health 2006), and/or free text-based descriptions. Variability and a lack of consistency in the classification of the type of injury and the mechanism of injury can hamper the ability to conduct quality injury surveillance (Horan & Mallonee 2003; Brenner et al. 2002) .
To be effective, injury surveillance involves 'the ongoing, systematic collection, analysis and interpretation of health data essential to the planning, implementation, and evaluation of public health practice, closely integrated with the timely dissemination of these data to those who need to know…and the application of these data to prevention and control' (Thacker & Berkelman 1988:164) . Information on injuries and their causes obtained from health administrative data collections are used to determine the magnitude of injuries, priorities for injury prevention, to evaluate injury prevention initiatives, and to monitor injury trends over time (Horan & Mallonee 2003) . Therefore, it is important to obtain complete, consistent and accurate information for injury surveillance purposes. Any systems used to identify injuries must be able to do so consistently between users and over time, otherwise the validity and reliability of information collected is likely to be negligible.
In early 2007, in New South Wales (NSW), Australia, the Systematized Nomenclature of Medicine -Clinical Terms (SNOMED CT) was introduced for diagnosis coding, as part of the roll out of a new information system for EDs, called FirstNet. SNOMED CT is a multi-axial clinical terminology with more than 400,000 clinical concepts associated with around 800,000 description terms that are related to each other by a hierarchy consisting of 1.2 million logicallydefined relationships (NSW Department of Health 2008). SNOMED CT concepts are organised into 19 top-level hierarchies that consist of several sub-hierarchies. Each SNOMED CT concept has one fully specified name but may also have more than one descriptor (e.g. synonyms) and when browsing the terminology a concept may appear in more than one hierarchy. In SNOMED CT, relationships link the various concepts to one another and concepts can be either active or inactive (i.e. no longer in use, but available to define historical relationships) (Nyström et al. 2010) . The Australian version of SNOMED CT, SNOMED CT-AU, is continuously revised and updated every six months.
The implementation of SNOMED CT in NSW is virtually in its infancy and there are likely to be lessons learned for other Australian and international jurisdictions. In particular, what is the impact of the introduction of SNOMED CT for injury surveillance activities? The aim of this study is to provide an assessment of the ability of SNOMED CT, as implemented as part of the ED information system in NSW, to identify road trauma-related injuries in ED presentations. Only the data that were recorded using SNOMED CT were examined for this study. During the period under study, only one data field was available and reported in the ED information system to record either a diagnosis or symptom or an injury mechanism code. This data field was termed 'the principal provisional diagnosis'.
Research

Method
The CrashLink data collection contains information on all police-reported road traffic crashes where a person was unintentionally fatally or non-fatally injured, or at least one motor vehicle was towed away and the incident occurred on a public road (i.e. traffic-related) in NSW. Information pertaining to the crash and conditions at the incident site, the traffic unit or vehicle, and the vehicle controller and any casualties resulting from the crash are recorded. Each casualty was identified as being injured or killed (died within 30 days). Mortality data were obtained from the NSW Department of Births, Deaths and Marriages. Information collected from death certificates (certified by a medical practitioner or pathologist) included demographic data and the cause of death.
Data linkage
Each of the data collections were linked to CrashLink by the Centre for Health Record Linkage (CHeReL). The CHeReL uses identifying information (e.g. name, address, date of birth, gender) to create a person project number (PPN), for each unique person identified in the linkage process. The record linkage used probabilistic methods and was conducted using ChoiceMaker (Choicemaker Technologies 2011). A successful link was defined as when the PPN matched in both data collections, and the presentation to ED was on the same day or the next day as the crash date in CrashLink. Deaths were identified within 30 days of the crash date in CrashLink. Upper and lower probability cutoff points started at 0.75 and 0.25 for a linkage and were adjusted for each individual linkage to ensure false links were kept to a minimum. Record groups with probabilities in between the cut-off points were subject to clerical review (CHeReL 2012). The overall data linkage rates between the ED presentation and the police-reported data was 56.3% and the linkage rate between the mortality and police-reported data was 77.4%. All analyses were performed using SAS version 9.3 (SAS Institute 2012).
Road trauma identifi cation
The 'gold standard' for identification of road trauma and type of road user for this study was the police-reported data, with type of road user identified using traffic unit group (i.e. pedestrian, pedal cyclist, motorcyclist or motor vehicle occupant). In the ED data, traffic-related road trauma using SNOMED CT was identified from the 2,010 available road transport-related SNOMED CT concept IDs provided to the investigators by the National E-Health Transition Authority (NEHTA). All concept IDs were classified into the following groups: vehicle occupant, motorcyclist, pedal cyclist, pedestrian, other road-related including non-traffic crashes (e.g. front driver airbag; motor vehicle non-traffic accident involving collision, not on public highway), road trauma type unspecified (e.g. vehicle accident), and injury or symptom type (e.g. contusion of chest; pain in upper limb).
Results
The use of SNOMED CT codes in the linked EDDC and police-reported records increased during the time period studied, with 63.0% of the cases in which SNOMED CT data were provided being for ED presentations that occurred in 2009. Basic demographic information on the injured individuals was able to be described, with the majority of individuals non-fatally injured (99.2%) and aged 25 years and over (70.5%). Just over half (54.6%) were male and 78.4% were identified in police reports as being the occupant of a motor vehicle at the time of the injury (Table 1) .
Depending on the type of road user, between one-half and three-quarters of all SNOMED CT-AU classified principal provisional diagnoses in the linked EDDC and policereported records referred to the type of injury or symptom experienced by the individual (Table 2 ). Where the injury or symptom type was identified, none of these records identified the type of road user. This demonstrates that information regarding the mechanism of injury was not being routinely recorded in EDs in NSW for road trauma.
Of the individuals who were identified by police as being injured in a vehicle, 3.2% were identified as vehicle occupants using SNOMED CT-AU codes in the principal provisional diagnoses, but their injury or symptom types were not recorded. Six percent of motorcyclist injuries, 10.0% of pedal cyclist injuries and 5.2% of pedestrian injuries could be identified from SNOMED CT-AU codes in the principal provisional diagnoses, and similarly their injury or symptom types were not recorded. From the SNOMED CT-AU codes, road trauma type unspecified ranged from 12.4% for pedal cyclists to 40.7% for vehicle occupants. Examples of these common unspecified codes included: 'motor vehicle accident victim (finding)', 'motor vehicle traffic accident Research in glass-related cut injuries (Jorm et al. 2003) . At this stage, the ability of SNOMED CT information recorded in the ED information system in NSW to be used for injury surveillance capabilities is compromised by issues with the ability to record information separately on the injury diagnosis and symptoms and the mechanism of injury.
To enable the identification of road trauma-related injuries that presented to EDs in NSW, data linkage to police data was required (thus excluding road trauma-related fatalities without a police record). This was because the SNOMED CT codes by themselves largely could not be used for this purpose as there was a preference for recording the injury diagnosis or symptom, rather than the mechanism of injury. This analysis found that, compared to policeidentified road users, only between 3.2% and 10.0% of road user types were able to be identified using SNOMED CT-AU from the principal provisional diagnosis field. The majority of SNOMED CT-AU concepts and terms recorded in the principal provisional diagnosis field identified specific symptoms (e.g. 'pain in left leg') or injury types (e.g. 'fracture of femur'), as opposed to the mechanism of injury (e.g. 'pedestrian hit by motor vehicle').
The principal provisional diagnosis field is designed to capture nature of injury diagnoses, not mechanism of injury data, and hence the higher proportion of capture of these elements is not surprising. However, in the absence of a designated data field to capture mechanism of injury data, the provisional diagnosis field is the only available data field to use for injury surveillance. The current recording of these three different concepts (i.e. symptoms, diagnosis or injury mechanism) in the one data field in the NSW ED information system is not ideal. For injury surveillance, the separation of symptoms, diagnoses, and mechanisms of injury into three separate data fields is necessary to enable the consistent identification of these three different concepts, when applicable. Otherwise the implications for injury surveillance in EDs are under-enumeration of injury mechanisms, such as road trauma, and provision of inaccurate data for injury prevention policy development and evaluation. Currently, any ongoing surveillance of road trauma would be dependent upon linking ED presentations with policereported data.
Clinical terminologies, such as SNOMED CT, are recognised as valuable tools for use in clinical practice as they represent the language and meaning of terms and concepts used by clinicians, are more closely associated with clinical vocabulary, and are primarily, but not exclusively, about communicating information between health professionals. However, the variability and versatility of the clinical terminology that appeals to clinicians is at the very heart of what makes surveillance using SNOMED CT-AU, as currently implemented in NSW EDs, difficult for epidemiologists. The sheer number of SNOMED CT concepts, descriptive terms and relationships, and the current recording in NSW EDs of either the symptom, diagnosis or the injury mechanism in the one data field make any consistency or reliability of these three different concepts over time and between coders virtually impossible. This is not to say that prior ED information systems in NSW that used the ICD-9 or ICD-10 classification frameworks fared any better. There was still only one data field where either the diagnosis or injury mechanism could be recorded. For example, a review of the pre-2007 ability to identify road trauma-related injury mechanism classifica- (event)', 'motor vehicle accident (event)', and 'traffic accident on public road (event)'.
Discussion
Administrative health data collections such as ED presentations and hospital admissions are one of the main sources of information on injury that are used to conduct injury surveillance (Hirshon et al. 2009 ). Health-related information from EDs play an important part in conducting surveillance for public health threats, such as bioterrorism (Muscatello et al. 2005; Tsui et al. 2003) , and also for the need for immediate injury prevention initiatives. For example, during the 2000 Olympic Games in Sydney, ED surveillance was able to identify cut injuries from broken glass at particular Olympic entertainment sites. Immediate action could be taken to replace glass drink containers with plastic containers at these sites, which resulted in a reduction tions in the linked dataset used in the current study found that 0.2% of ICD-9-related classifications and 52.6% of ICD-10-related classifications contained injury mechanism classifications that allowed the identification of type of road users, with the remaining classifications identifying the injury diagnoses. It is possible that text-based searches in text narratives available in ED data collections for road trauma may provide an alternative means of identification of injury mechanism (McKenzie et al. 2010 ), as they have done for injury in general (Muscatello et al. 2005) , for sport-related injuries (Mitchell, Finch & Boufous 2009; McKenzie et al. 2010) , and for alcohol and drug-related injuries (Indig, Copeland & Conigrave 2009; Indig et al. 2010; Indig et al. 2008) . However, the move to activity-based funding and reporting in EDs in Australia from July 2012 will also necessitate the use of reliable, consistent terminology in EDs, at least for diagnoses and identification of procedures performed. Using SNOMED CT it is possible to express the same concept in a multitude of ways. For example, there are 357 concepts alone that can be used to identify influenza using SNOMED CT. In NSW, the initial implementation of SNOMED CT-AU saw the implementation of all of the SNOMED CT-AU concepts and terms, resulting in wide variability in codes. Since the initial implementation, a reference set of SNOMED CT-AU codes for EDs (i.e. the NSW ED Termset) has been developed that eliminates terms not related to patient care and irrelevant concepts and focuses on terms related to 'diagnosis' and 'reason for encounter'. There are currently around 1,800 terms in the NSW ED Termset. In addition, the NEHTA has developed an Emergency Department Reference Set (EDRS) that also limits the number of concepts used by SNOMED CT-AU to 4,000, with the focus largely on diagnoses concepts not external cause concepts (Hansen et al. 2011) . The sheer size and complexity of the SNOMED CT-AU terminology has also necessitated the development of specific software tools, such as Snapper, to assist with the development and refinement of the EDRS (Hansen et al. 2011) .
There are several limitations to the current study. The data in the EDDC were subject to variation in the number of EDs providing data using SNOMED CT over time. There was also variation in ED data-entry practices and variation in completeness and accuracy of data variables. This study data should be considered as indicative only, but is useful as a starting point for assessing the current ability to identify road trauma-related ED presentations using SNOMED CT-AU in NSW.
Conclusion
The introduction of SNOMED CT-AU and the variability in codes that related either to symptoms, diagnoses or injury mechanisms in the one data field did not allow the easy identification of road trauma-related ED presentations for injury surveillance purposes in NSW. The introduction of SNOMED CT may provide flexible terminologies for clinicians. However, unless carefully implemented in information systems, its flexibility can lead to mismatches between the intention and actual use of defined data fields. Choices available in SNOMED CT to indicate symptoms, diagnoses, or injury mechanisms need to be controlled and these three concepts need to be retained in separate data fields to ensure a clear distinction between their classification in the ED. 
